A N extensive literature shows that community-dwelling older adults with health problems or psychiatric illness have more disturbed sleep than do healthy older people (1) , and individuals living in nursing homes (NHs) suffer from even more disturbed sleep than do older individuals living in the community. Prior research has shown that many older people in the NH setting have extremely fragmented nighttime sleep and are excessively sleepy during daytime hours (2, 6) .
In addition to medical and psychiatric illnesses, several other factors impact sleep among NH residents, including disruption of underlying circadian rhythms. Circadian rhythms are biological rhythms of approximately 24 hours. Among NH residents, abnormalities have been found in body temperature, melatonin, and rest/activity rhythms (2, 7, 8) . Disruption of circadian rhythms results both from underlying physiological abnormalities in the circadian system and from external environmental factors that adversely impact the circadian system (2, (9) (10) (11) .
In younger adults, circadian rhythms are adequately entrained (i.e., synchronized with the environment) by zeitgebers (time cues) encountered during everyday activities, particularly by exposure to light. Older communitydwelling adults are exposed to less bright light than are younger adults, and NH residents are exposed to even less (11, 12) . Older adults also may respond differently to light than may younger adults, requiring more light to remain entrained (13, 14) .
In addition to attenuated daytime bright light exposure, NH residents experience a reduction in other potentially entraining environmental factors, including a lack of daytime physical activity and frequent exposure to light at night (6, 11, 15) . Lights left on all night may suppress melatonin levels and increase nighttime wakefulness (16, 17) .
Studies have reported that interventions involving increasing daytime light exposure among NH residents impact both nighttime sleep quality and rest/activity rhythms (18) (19) (20) (21) . These studies, however, generally involved the use of indoor light (e.g., bright light boxes), sometimes requiring 1:1 attention from research staff to insure exposure. This requirement limits the generalizability of these interventions to ''real-world'' NH settings. Studies have examined the impact of physical activity on sleep, and show some promise as well (22) (23) (24) .
This randomized controlled trial tested the effectiveness of a multicomponent nonpharmacological intervention to improve sleep/wake patterns and rest/activity rhythms among NH residents. This intervention included daily exposure to at least 30 minutes of outdoor sunlight, a standardized program to increase physical activity, institution of a regular bedtime routine, and efforts to reduce nighttime noise and light in residents' rooms. We previously reported that this comprehensive intervention led to modest improvements in nighttime sleep quality (reduced duration of nighttime awakenings), substantially increased daytime wakefulness, and increased participation in both physical and social activities during the daytime hours (25) . We have also reported that, at baseline, more daytime sleeping, less nighttime sleep, and the use of antipsychotic medications were all associated with weaker rest/activity rhythms, and more bright light exposure was related to later activity rhythm peaks (26) . The results reported here include analysis of rest/ activity rhythms among a subgroup of participants in this larger study (i.e., persons with complete actigraphic records at both baseline and follow-up assessments).
Here, for the first time, we report the effects of this multicomponent intervention on 24-hour rest/activity rhythms in intervention participants versus controls. We hypothesized that participants in the intervention group would show improved rest/activity rhythm quality, including increased rhythm amplitude, more rapid restto-activity transitions, and a longer period of activity relative to rest. As the timing of light exposure varied, we did not expect that the intervention would lead to an overall mean shift in the rest/activity rhythm acrophase time.
METHODS

Participants and Settings
Participants were 118 long-stay residents of four Los Angeles area NHs. Facilities were studied consecutively from 1999 through 2001. At each facility, all residents aged 65 years or older who were not bed bound or in contact isolation were considered for participation. Over a 1-2 month period, a two-step screening process was undertaken to identify residents with both daytime sleepiness and nighttime sleep disruption. This process has been described in detail previously (25, 26) .
Briefly, in Step 1, excessive daytime sleeping (defined as being asleep during !15% of observations) was assessed using behavioral observations (3) performed by research staff every 15 minutes between 9:00 AM and 5:00 PM for 2 days for all residents (n ¼ 473 residents screened). Of the 321 residents (68%) who met this criterion, 196 (61%) residents (or their responsible party) agreed to further screening. In Step 2, participants underwent 2 nights of wrist actigraphy (Minimotionlogger; Ambulatory Monitoring Inc., Ardsley, NY) to estimate the percentage of time asleep between 10:00 PM and 6:00 AM (determined by a validated, automatic scoring algorithm in the ActionW software, AMI) (27) . Those who were asleep 80% of the time (n ¼ 145) were then enrolled in the study.
Twenty-seven residents died or withdrew prior to randomization, leaving 118 residents who were randomized to receive the multicomponent intervention (n ¼ 62) or usual care (control condition, n ¼ 56). Ten participants withdrew or died after randomization, leaving 108 participants who completed the intervention phase (n ¼ 58 intervention, n ¼ 50 control). Of those residents who completed the study, valid actigraphy records were available at baseline and follow-up testing for 54 intervention participants and 46 control participants. The length of actigraphy files used in analyses ranged from 1.7 to 3 days, and 99% (99/100) had at least 2.5 days of actigraphy data available for analysis at both time points. This rate of data loss (7%) is similar to that reported by other NH researchers, and did not differ between treatment groups (19) . Characteristics of the 100 residents included in the analyses presented here are summarized in Table 1 .
Informed consent was obtained for all participants. For residents who were unable to provide self-consent, informed consent was obtained from their responsible party, with assent of the resident. Research methods were approved by the University of California, Los Angeles Office for the Protection of Research Subjects, and a Single Project Assurance was completed at each NH.
Procedures
Following initial screening (outlined above), residents completed a comprehensive battery of clinical measures Participants underwent three consecutive days (72 hours) of wrist actigraphy, behavioral observations, and bedside noise and light monitoring at baseline, which was repeated at follow-up under usual care conditions (control group) or with the intervention in place (intervention group; during the final 3 days of the 5-day intervention). To avoid contamination of the control condition, follow-up testing was performed in control participants prior to the initiation of the intervention at each study site. This scheduling of the control condition prior to the intervention condition resulted in a shorter average delay between baseline and follow-up in the control versus intervention groups (16 vs 32 days; t ¼ À7.29, p ¼ .0006). For all assessment data, ''nighttime'' was defined as 10:00 PM to 6:00 AM and ''daytime'' was defined as 8:00 AM to 8:00 PM.
After baseline assessments were completed at each NH site, participants were randomly allocated to intervention or control groups, without blocking or stratification. Fifty-three percent of enrolled participants were assigned to the intervention group, as we anticipated greater dropout/loss among intervention participants due to the additional time to follow-up and participant burden. To minimize potential bias in assessments, independent research staff completed assessment and intervention aspects of the study. Research staff who performed outcome assessments could not be adequately blinded to study condition at follow-up (as the intervention was directly observable); however, they were blinded to study hypotheses.
Intervention
The 5-day multicomponent intervention was provided by research staff. Five or six residents received the intervention at a time. From 8:00 AM to 8:00 PM, the intervention involved: (i) encouraging participants to remain out of bed; (ii) taking residents outdoors for at least 30 minutes for exposure to light ! 20,000 lux (between 9:00 AM and 5:00 PM, usually in the late-morning hours, verified with handheld light meters; sunscreen applied to exposed skin); and (iii) participation in a low-level physical activity program (Functional Incidental Training; FIT) (15) three times per day, for approximately 10-15 minutes per session. We previously reported that all daytime aspects of the intervention were successfully implemented (25) . From 8:00 PM to 10:00 PM, a bedtime routine including personal care, lights out, and reducing ambient noise (e.g., turning off televisions, closing doors) was introduced. This routine was also successfully implemented (25) . From 10:00 PM to 6:00 AM, the intervention consisted of: (i) continued efforts to reduce nighttime noise and light in and near participants' rooms, and (ii) provision of required nighttime care (toileting, diaper changing, turning) in a manner least disruptive to sleep (i.e., care provided while participants were awake whenever possible). At night, intervention staff made hourly rounds, and if residents were awake, staff assessed whether residents were in need of personal care. Although successfully implemented, this aspect of the intervention did not result in significant reductions of noise or light in residents' rooms compared to baseline (25) . Research staff maintained detailed documentation of all aspects of the intervention, including the time and duration of all components.
Data Analysis
Twenty-four-hour rest/activity rhythms were modeled using the minute-by-minute activity level data collected by wrist actigraphs. Both average and maximum per-minute activity levels were modeled. As these measures are highly correlated (r ¼ .90, p , .0005) and the model fit in this study was similar (mean F ¼ 228 vs 211, p . .10), for simplicity and clarity we report the results of rest/activity rhythm modeling using the maximum per-minute activity level. Results were consistent when the average per-minute activity was examined.
Rest/activity rhythms were modeled using a 5-parameter extension of the traditional cosinor analysis (18, 19, (34) (35) (36) . This 5-parameter model is an antilogistic transformation of the cosine curve, and it allows for estimation of parameters describing the shape of the rest/activity rhythm (assuming a period of 24 hours). This model provides distinct advantages over the use of a simple cosine for modeling the rhythm parameters. This method is described in great detail by Marler and colleagues (34) . Briefly, for the sigmoidally transformed cosine curves, let c
(t) ¼ cos([t À /]2p/ 24). Then the Hill-transformed cosine curve is h(c(t))
À a])g; and the arctangent-transformed cosine curve is
The sigmoidally transformed cosine models of the data are given by: (t) ), where / is the time of day of the peak (acrophase), min is the minimum value of the function, and amp (amplitude) is the difference between the minimum and maximum value of the function (because the transformed cosine ranges from 0 to 1). The parameter b determines whether the function r(t) rises and falls more steeply than does the cosine curve (i.e., large values of b produce curves that are nearly square waves). When r(t) has approximately a square-wave appearance, / will represent the center of the ''flat'' region at the top of the curve. The parameter a determines whether the peaks of the curve are wider than the troughs (i.e., when a is small, the troughs are narrow and the peaks are wide; when a is large, the troughs are wide and the peaks are narrow). A measure analogous to the midline estimating statistic of rhythm (MESOR) of the cosine model can also be obtained (i.e., mes ¼ min þ amp/2).
The parameters in the model analyzed here include the rhythm minimum or nadir (min; trough of the rhythm), amplitude (amp; maximum peak of the rhythm), acrophase (/; time of rhythm maximum), b (steepness of rise and fall of curve), and a (relative width of peak and trough, or rest/ active period ratio). The MESOR (i.e., midpoint between peak and trough) was also calculated, and the point at which the curve crossed the MESOR value was used to describe the a parameter (the relative width of the peak and trough at the MESOR). An overall F statistic for the model was calculated. This F-statistic is interpreted here as a measure of the model's ''fit'' to the data and is viewed as a measure of overall rhythmicity, with robust rhythms yielding higher F values. Additional measures were calculated based on this model to further describe rhythm characteristics, including the time at which the curve reached the MESOR on the ascending and descending portions of the curve. This method, including the mathematical formulae for the parameters, has been described in detail elsewhere (18, 19, 35, 36) . All participants had statistically significant rest/activity rhythms at baseline and follow-up (F values . 10.8, df ¼ 4, ;4300, p values , .01), suggesting that parameter estimates were valid.
Data with nonnormal distributions underwent normal score transformation. In an intent-to-treat analysis, 2 (baseline vs follow-up) 3 2 (intervention vs control), split-plot analysis of variance (ANOVA) was used to test for differential changes in rest/activity rhythm variables (described above). For significant interaction effects, Bonferroni-corrected follow-up t tests were performed within each group (a ¼ .025). Models were tested with and without age, MMSE score, CIRS-G score, and NHBPS score as covariates. These variables were chosen as covariates based on their theoretical impact on rest/ activity rhythms, significant correlations with the rest/activity rhythm parameters, and data meeting the assumptions required for analysis of covariance (ANCOVA) (37) . Two-sided testing was performed, with significance at p , .05.
RESULTS
Based on light sensors in the wrist actigraphs, daytime mean light levels and minutes of exposure to bright light (lux . 1000) were higher during treatment than during baseline in the intervention group, with no change in the control group (F ¼ 53.8, p , .001). Outdoor light exposure occurred in the morning (before 12:00 PM) on 62% of intervention days, after 12:00 PM on 25% of days, and both before and after 12:00 PM on 13% of days. The timing of the light exposure administration was unrelated to changes in rest/activity rhythms. Participants in the intervention group, on average, spent 19% less time during the day (9:00 AM to 5:00 PM) in bed, whereas there was minimal change in the control participants (2% reduction in time in bed; F ¼ 30.8, p , .001). Participants in the intervention group received, on average, 46 minutes (standard deviation ¼ 11 minutes) of physical activity divided over 3.1 (standard deviation ¼ 0.4) sessions per day.
There was a significant group (intervention vs. control) 3 study phase (baseline vs follow-up) interaction for the rest/ activity rhythm a parameter (relative width of peak and trough; see Figure 1 ; F 1,98 ¼ 5.40, p ¼ .022). Follow-up tests showed that the intervention group had a nonsignificant widening of the rest/activity rhythm peak (À.20 to À.04; p ¼ .055), whereas the control group showed a nonsignificant narrowing of the peak (À.06 to À.20; p ¼ . 19 ; lower values indicate a wider peak). This interaction was statistically significant when age, MMSE, CIRS-G, and NHBPS scores were included in the model (F 1,61 ¼ 4.26, p ¼ .043). There was also a significant group 3 study phase interaction for the time at which the curve crossed the MESOR (See Figure  1B; 
DISCUSSION
This study reports the impact of a comprehensive, nonpharmacological intervention on 24-hour rest/activity rhythms among older people living in NHs. Results suggest that the intervention impacted primarily the ''active'' period of the rest/activity cycles. This is shown by the increase in the amount of time the rest/activity rhythm was above the MESOR. Interestingly, it appears that the control group deteriorated slightly (showing a shorter ''active'' period), whereas the intervention group improved slightly. Such findings are common in the NH setting, where most individuals show deteriorating health over time and interventions partially ameliorate the deterioration rather than leading to robust improvements over baseline.
The increase in the ''active'' period of the rest/activity rhythm resulted from a slight advance (i.e., shift to an earlier time) in the time at which the activity levels rose in the morning in the intervention group compared to a slight delay in the control group. Based on the phase-response curve to light exposure, this is the expected direction of change for morning light exposure (38) (39) (40) . Despite the age-related advance (shift to an earlier time) in circadian rhythms reported in healthy older people (41), Harper and colleagues have found that patients with Alzheimer's disease show a delay (shift to a later time) in circadian rhythms (42, 43) . Ancoli-Israel and colleagues (18, 19) completed two randomized controlled trials of bright light therapy (using artificial light boxes) in the NH and found that rest/activity rhythms were delayed by morning light therapy in this setting. Importantly, one of these studies included only NH residents with AD (19) . Their finding of a delay in activity rhythms with morning light is consistent with these patients having phase-delayed rhythms. Their second study included all residents of the NHs, whether or not these individuals had sleep disturbance at baseline (18) . Contrary to these findings, our results showed that outdoor light exposure (primarily but not exclusively in the morning hours) led to a shift in circadian rhythms in the opposite direction, that is, the intervention group showed an advance in circadian rhythms relative to the controls. Our findings are consistent with the traditionally described phase-response curve to light, which shows that morning light should advance circadian rhythms (38) (39) (40) . In addition, our study included only individuals with sleep disruption at baseline, which may have led to the selection of residents with more phaseadvanced endogenous circadian rhythms than those studied by Ancoli-Israel and colleagues.
This study has several limitations. First, only wrist actigraphy is available for estimation of underlying circadian rhythms, and the rhythms described by actigraphy are only a proxy for underlying circadian rhythmicity. The impact of the intervention on other circadian rhythms is not known. Additionally, we present here only one of several viable methods for modeling and analysis of rest/activity rhythms (44) (45) (46) . Other methods may yield slightly different results. Also, in an effort to increase the generalizability of the intervention to community NH settings, some scientific rigor was sacrificed in terms of light exposure timing; however, detailed data were collected on timing of light exposure activities, and we did not find that there were differential impacts of light based on the timing of the exposure.
Results from this study suggest that a multicomponent approach may improve rest/activity rhythms among NH residents. Future research should examine the underlying changes in circadian rhythms of hormones and body temperature associated with improving environmental conditions, increasing exposure to light, and increasing activity levels during the daytime hours.
